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© Copoly,^ers o, e«,y.enlca.ly unsaturated ethers useful as hydraulic pement superplastfcrzers. 

°M y waier. to yield a hardened cement with greater compressive strength. 
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FIELD OF THE INVENTION 
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u. • ^ r. rol.tp. to hydraulic cement admixtures, particularly to certain organic additives for 
slumploss over time, and water reduction capability. 
BACKGROUND OF THE INVE NTION 

.ydraulio ca,.en, ,Z^,son ,0 ob«n a n^ore fluid oomposibon a, a 

g,ven water to cement rat,o Alternatively. sup9a>lasticizers may allow tha cement 

concretes does not segregate "-'"^''^^^^X JLi ,,^0. in orde^to obtain a composition having a 
r^nrst'crjrS'nSel cemen. compo..on having a greater compre3.ve 

■"Zm^r'nl;- '^^^°"C^?as«ci«rs indude: mel^ine suHonat^tcrmaldehyda^nr^nsates. 
nap~LttaTor^^h,de Tdensates, lignosultonates. pclysacch^das, h,droxyca*ox,l,c acds 

r:::erar;Tt;: supe^«ci.ers n».e. above, it ^ been desired to come up with new 

plasticizers of this invention, and a method for prepanng the same. 
SUMMARY OF THE INVENTION 

"^The present inve^ntion relates to copolymers of an olefinic mono^)^lic acid ^omonomer or^ ester 
or salt mereof. or an olennic su^r acid comonomer or a salt thereof, copclymenzed wrth an ether 
comonomer of the formula 



X-0-R1 ; {') 



^ wherein X represents an ethylenically-unsaturated hydrocart^on group having from 2 to 5 carbon atorns or 
In unTat^r^tracyl group hiving from 2 to 5 carbon atoms, R' is a pciyalcohol group, .kylane ox,de 
derivative of the polyatcohol group, or a polyelher of the formula 

45 -(R^O-)n-R^ . 

wherein R^ is a linear or branched, substituted or unsubstituted C, to C. alkylene group. is hydrogen, a 
Ci to C+ alkyi group, or a group conforming to the formula 

0 0 0 0 

-O-C-R"*, -0-C-r5-C-0H, or -0-C-NH-R^ , 
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Wherein R^ and R^ may each be an alkyl, aryl. aralkyl, or aikaryl group, and n is an integer from 1 to 
50. 
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"iventicn by coooZ 3=lva/,tageous to op6m,« tha performance of fh. 

□escnoed herein with the other 
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comonomer of the invention, , f^^^jla 

The ether comonomer used in the present invention ,s of the g 



X-O-R^ ; (I) 



. . A h^/Hrncarbon qroup having from 2 to 5 carbon atoms. 
where,n X represents an ethylen,cal,y-unsatura ed ^^^^ ^r ^ 9 ^^^^^^^^^ ^.^^^^^^^^^ 

3iiyl methallvl. vinyl, 3-butenyl, 4-pentenyl, >methyiJD y^^^^^ acrvl and ethacry! 

airyiacetyi groups, or - ----^t^at^nfor^X^a^ve ^f polyalcoho, group, or" a polyether of 
groups. is a polyalcohol group, an alkytene oxiob 



the formula 



25 
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-(R20-)„-R3 . {") 

. a .e. . .an... ..... o, — e. C, .0 C. .^,e„a .c.p, ,s a 

C, to C. alkyi group, or a group conforn,r>g to the formula 

-oi-R", -0-C-R=-C-OH, or -O-C-NH-R^ , 

„.r.n B., R^, .a. sa.. an ..y,, a.,, ar.^.. « ^-v' «-p. a., n ,3 an .to,e, .om , .c 

50- , i^^hoi nronn as the R' moiety as described herein are used in 

When ether comonomers haNring a P^^^^°^^^^^ i^^tharediol (ethylene glycol). 1 ^-propanediol. 

the inver^tion. the polyalcchoi groyp may be. or ex^P^- t.S^ediol. 1 .4^utanediol. 1 2.4^utar.etnol. 

1>propar.edici. 1 ^>propanetnol (9'y«- )J^ ^.^^ 3 glycerol gro^p. 

poIyvinylaJcohol. glucose or suaose A P^^^«^^ J^'^?^^ group. One or more of 

Ri may aJso be an alkylene o>ade denvatve of ^^^^^^^^ ^ ' vide one or more hydrbxyl- 
hydroxy! groups on poly.coho. group -Vj- ™ ^^.^ ^ ^ .envadzed 

temiinated polyether groups on the potyaicoho group. For examp . gy 

with ethylene oxide to provide a product of the fomiula 

CH2-CH-CH2-0-CH2-CH-CH2-0-(CH2CH20)y-H 
0-(CH2CH20)2-H , 



„ „..e,r, X and , are .,e,e,. w.c. depend - ~';jrr;:^i^3rR^tpre,era.,y a linea, 
Atemately. (he R' group may be ' 1^'^''^" °' , „ 4 aBhough W may also be branched 
alkylene group ol the fonnula whe,e,n r^ ^ '"'^Y hydrogen a linear alkyl group of the 

and/or substtuted (.or instance, with Mro«J^9™ f , " , 7er orgLo^roups as described herein. A 
fonnula C„H,„., wherein n ,s a number from 1 to 4^ y ^ ^^^^^ 

« prefened polyether (or use in the invenfon .s one where n is .n m a 

r^aLlTR" may be . organic group confonning to .e formula 
0 0 0 0 

-O-C-r", -oi-R^-C-OH, or -0-C-NH-R« , 

„here,n B'. R^. .d R^ may eac. be an a,„ -^^^ - --na^Lttyt fit 

acetate-capped ether comonomer of the invention is illustrated as follows. 
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0 0 



CH,=C„,-c„,-0-CH,CH,-(0C„,C„,)^_^.O„ . C„3-io-lcH. 



0 



20 



25 



CH,=CH,-C„,-0-CH,C„,-(OCH,CH,)_^_^_0-lc„3 ^ CH3L„ . 
comoncmer of me inventor. comonomers as described herein me olefinic 

»ie em« .«ad i. hydrogen, water a ^,e' ^ t^rf '"^^ 

PersuMa (preferably am,„o„i„„ pers^Le) irul^ftei "'"^^''^ and a 

earned in wafer .oh^„t A mixture of the ola^alTte ,? '''^'^ "^'"^ 
c^omonomers to be polymerized, is added gradual^ ^ , "™"°™^ and any other 

a.nta,ning fhe etf^r. at an elevated Z^^e TT^^' '° ""'^'^ 
^-.perature. ff wate,/a,ccho, «„vont rn^rr^^^'o^g^,"^;^^ ^ » ' ^'"^ "^'^ 
an organic mltiato,, e.9.. benzoyl peroxide may ^^^l^TL^ are aNemately used, a persulfate. or 

After me monomer addition is comoLrL " POlymenzaton promoter 

~ly. me .e-r-perature trin^^^^':'^;;^- l'^"^^ - ~a,e •post.oo.- period, 
solvent used is organic (or has an organ^ oXn^mritTs .vL!™ '"^ temperature. I, me 

product is cooled and me polymer is neutrrr.^\ „1 °' *° ^« ™-'*<"' 

-nt^nrng base, an amine, or an alKanolamin'^ClTi,^^ „T Z '"' °' 
dtr=gr - — di,*n, me ..meT ^^yt ad^^ ^ ^ 

" amo:^.^ rXr°'a:o~r Tz' iz'i:^:"^''"'"' ^ - ~ 

composiffon. or increase me slump w ile mJrS inTme w^^o " ' 
specific amount of mis superplasBcizer admiZ-e for 11 '^"""'^ " ^'i'"'- '"'e 

depend on me cement compo^iSon, me ^T^^IZZ ofT" "'"^"^ ^ 

« des„ed. Generally me amount w,ll be at lea^ oZTZ S , "'S'^ Wdity 

we,gw percent, based on me weight of hTdraufc cTr^enf^H """"'^ ^^9" °' " '° 
amount, simil^y based, is at«u, 0.02 to O-Sstetht peZ, * 

conven;o:^~^:;ir.lTosri„"me'a7re Tpe^U"" — 
» mixed wim me cement composition =uperplast,a.er should be substantially unifomily 

propo''r:rbV::::S" ~ -'v. Umess omerw,se indicated, all parts and 
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Example 1 



- ad.on .nels, a condenser, nitroge-",::"^^^^^ rte:^:^ ^^^^^^ 
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MA^A in9nn m 185 moles) of a commercially available ailylic ethor, 
a heating rr^antle. To ''^^^^^/f ^^J^f ^^H = CH^^ ^^'^'^ 
APEG-550 (Union Carbide), chemical formula CH, OHUM^u^ 

'Tnttgen purge was starte. ,o remove oxyge. .rc. .he reason vesso,. an. .he contents were .ea.ed 

A niu-ogen puiyc hwriratH was added to the reaction vessel contents. 

,0 80-C. 3^0g of sod,um og of dist.lled wafer, and 28.0g (0.388 moles) of 

Next. 2 og o. ammon.um persol.a e, ^'^''^^^^ZX the rearton vessel con.en.s over a period of 
acrylic acid were added, simultaneously and '""^"^"l^'^V 'o^.^,,^^ temperature of the reacaon 

one hour. Each component was introducea using i>s ..... 

vessel contents was maintained al 80-C ^^^^^^ ^ 

3, rJ r — rwrr~:ara,,u^ a.ut .OO-C and the reason vessel contents 

were heated for -^^^'^^^j^^^'f^j T^'^^To^^.,^. were flowed to cool. T^e contents of the 
The heat was then turned « and the ^ ^ ^„,^,,„ hydroxide in wate,. 

rtrifrrelrnre reir sodL hv'drp»d.neu..i.ed copofymer so,*n was a^u. 



41%. 
Example 2 



A superplasscizer .erpofymer o, e,e present inven^on was made ,0 demonstrate the u^lity o, such a 
terpoiymer practiced in accordance w» the f^^' "'^^'^^ ,0.37 moles) of APEQ-5S0 and 

.,o:'^J:rar3;r::dr.?lr^^~^ 
tzr:::^:^ :2 ~r,rrrr rdrcon..Ln o, re.,.,nt 

sodium hydroxide^eutralizBd copolymer solution was about 41%. 



Example 3 



. su.rp,a...er co^lymer o, ^^'^^^^^J^ 
of a commercially avarlab a a^lyltc iff^^J^J^'Z o. sodium hypophosphite hydrate were used. 
(CtkCW).H. average molecular ^^'f^^^^'Z^Z. were added^er a 2.5 hour period, and tf» 

neutralized copolymer solution was about 41%. 



Example 4 
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..e s.perp,as.ci.er adm.ure .eP-d.n Example ^^^^^ cCre^wT^.Te^ 

Po.l^d 7-^^-^ ---/^^mtdt Which .me a s^ple was removed tor 

accordmg to ASTM 0192 and was mrxea ro ^^^^^ ^ 

measurement of an initial slump value. After ^^^^^^^^ J ^^^^^ ^ copolymer solids 

sufficient ^ount of me suparplasticizer f -"'^/^J^ Te^nl e^ssed 2 % solids on 

concentration of 0.05%, based on the weight of Portland cement .n the ^"^^ ^ 4^ and 60 minutes. The 

solids, or -%.s".) Fro. this Po^nt. Jurnp r.e^.em^ w.e ta^e at ^^J^J -^^ _ 

Slump of the concrete was measured ^/^^^f"'^_7 ^7 and 28 day compressive strengths were 
also measured with time in accordance with ASTM 0231 , and 1 . ^ ana aay 

— lerrrvrwr^^h.^^^^^ 

t:":^^^^%z rcrc;n:.r rrs^rnefa: 

commercially-available superptasticizer. WRDA ly n. u'*'^^ 
above, at a solids concentration of 0.25% s/s as defined above. 

rc^etSzeTwTr::::- superior to that o, .he WR0.-.3. Even though the dosage o, the 
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compressive st^engm Of me hardened conZsTas lu r;,""^^^ was bene,. ,n additon. me 
cially available superplastici.er. " "ith ttie commer- 

Example 5 

presents the compra^ive Length measuremtT^^ . . °' ^^^'^ -^P^t-B'V. Table 4 

Ngher .olecular weight a.,y,ic 'the^d h^ .'^ -utp ^^^^f ^-7-^'^^-^ compns.ng the 
e^er. but both superplast-azers have comp^a^e 11^!^!^ ^^*9ht -"ylic 

lengths obtained from the concrete cont^ZTl r^ T^ ^'^^'^- compressive 
ttie superplasticizerof ExampleTTmZh Z . ^^^^^'^^^^^ °' Example 3 are as good as that of 
t^e pre.ous example. ,t is ^ J^b^o a^ . daTarerr: ^eT ~ ^^^^^ 
concrete if desired. aatramer ,n a needed amount to control the aj> in the 

TABLE 1 




TABLE 2 



Compressive Strength {psi) 

at 1 day 
at 7 days 
at 28 days 


Copolymer of Example 1 

1938 
4588 
5812 


Copolymer of Example 2 

1703 
4256 
5683 


WRDA-19 

2105 
4779 
5978 



TABLE 3 



(min) 


j Copolymer ( 


3f Example 1 


Copolymer of Example 3 




Slumpfin) 


Air(%) 


Slump 


Air 


9 
18 
30 
45 

1 60 J 


2.50 
8.75 
7.75 
5.50 
2.50 


2.0 
5.6 
5.9 
4.4 
3.6 


2.50 
7.75 
7.00 
4.75 
2.75 


1.9 
5.4 
5.0 
4.8 
3.9 



EP 0 537 870 A1 



TABLE 4 



Compressive Strength (psi) 


Copolymor of B<ample 1 


Copolymer of Example 3 


at 1 day 

at 7 days 
1 28 days 
1 ^ — 


1527 
4664 
5947 


1761 
4440 

6032 



1. 



* TT^Z"^ZZ^^>^^ .c. co.pnc.er oc a. aster or sa. ..rec, o, an o..* su«.r acid 

comonomer or a salt thereof, copoiymenzed with 
b) an ether comonomer of the formula 



X-O-R' ; 
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Ill RMS a ,ine» o, branched. subs«^.ed or u„sub^n..ed C, ,o C. a,^^« s-up. R= is 
:Xen% C, I C .k,, group, o, a group con.orr,ing .0 *a formula 

O 0 O 0 

II II II II A 

-0-C-R'', -O-C-a^-C-OH, or -0-C-NH-R* , 

„.ere,r, R-. R' and R' .ay each be an ai.yi, ^1. ara,^. or a.ar„ group, and n is an integer ,rom 
1 to 50 

, , ■ 1 .^nnsiriQ at least two differerit olefiriic comonorriers. copolymerized with 

2, The copolymer of claim 1 comprising at leasi 
said ether. 

• ■ iP.^ two different ether comonomers, copoiymenzed with said 

3. TTie copolymer of clam 1 compnsing at least two oinereni « 

oiefinic comonomer. 

T.e copolymer o, . wherein .a ntcle ra.o o, ..d o,er,„ic comonomer ,o said e.er conronomer 

is in the range of from about 1 :0.01 to 0.5:1 . 
5. T.e copclvmer o, cl.. 3 wHerein *e .ole ra«o o, s.d oler,nic comoncers .o s.d s*er co.ono.er 

is in the range of from about 1:0.01 to 0.5:1. 
S, T.a copolymer o. c,a,m 3 wnerern mole ra«o o. s.d olen.c comonomer .0 s.d e«,er comono^ers 

is in the range of from about 1:0.01 to 0.5:1. 

' '^:;rre'r* Tslidtrrrc comonomer .0 s.d at.er comonomer is in .ne range 0, .om abou. 

1:0.3 to 0.7:1. and poiyether, is ethylene. is hydrogen. 

l^°rrorZ~ rrZ.c^om:nom^ar; acry„c acd or a sal. .or.,. 

8, The copolymer of claim 3, wherein 
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tol\oT7:l'tJ '° ^^'^ ^^^^ comonomers ,s in the range of from aboui 

b) X of said ether comonorr^ers is an ally! group. R' is sa,d poiyether, ,s othylone, R3 is hydrogen 
n ,s ,n the range of frorr, 5 to 20, and said oleflnic comonomer is acrylic acd or a salt ther J 

he? Of aTv H H ' sulfonic acid, safts 

mereoT, and alkyi or hydroxyalkyi esters thereof. 

ro 10. Tho copolymer of claim 1 further comprising copoIymertZBd sTyrene. 

11. The copolymer of clajm 1 further comprising copolymerized acrylamide. 

12- The copolymer of claim 1. wherein X of said ether comonomer is an allyl group. is sa,d poiyether 
hyd^gel'"" '''"^ ^""^ °' °^ ^ - ''*egor from t tf' ^d ;^"s 

13. The copolymer of claim 1 wherein X is an allylic or methaliylic group. 

" TaTolarirf 'T""';"' " ''"^'"^ ^ ^°P°'V-^r comprising 

a) an olefin.c mono-cartsoxylic acid comonomer or an ester or salt thereof nr ;,n m^rni. 
comonomer or a salt thereof, copolymerized with ' '"""^ ^^"^ 

b) an ether comonomer of the formula 

25 X-O-R' ; 

wherein X represents an ethylenically-unsatu rated hydrocarbon group having from 2 to 5 carbon 
atoms or an unsaturated acyl group having from 2 to 5 carbon atoms is a Dolvlohll n.n 
^kyiene oxide denvafve of s^d polyalcoho, group, or a poiyether crL fo;^ula ' ° ' " 

-(R='0)„-R3 . 

hTdCen^'lc to'?"i^ " -substituted C, to C. alkylene group. R3 is 

nyorogen. a C, to C< alkyI group, or a group conforming to the formula y <5 

fl 0 0 0 

-O-C-rsJ-OH, or -0-C-NH-R6 

40 

Wherein R^. R^. and R* may each be an alkyl. aryl. aralky,, or alVa^^l group, and n is an integer from 
<s s'^d Ter'" ^' '^^^ ^° ''''''''' comonomers. copolymeh.ed with 

s^/d oTercrm7;omr " ^^"^^"^'"^ ^'-^ ^'"^^"^ ^^^^ — -P-V— d w,th 

50 17. The composiUon of claim U wherein the mole ratio of said olefinic comonomer to said ether 
comonomer is in the range of from about 1:0,01 to 0.5:1, Tionomer to sa.d ether 

18. The compcs,tion of clajm 15 wherein the mole ratio of said olefinic comonomers to s^iri .th. 
comonomer is ,n tho range of from about 1:0.01 to 0,5:1, comonomers to sa,d ether 



19. The composition of claim 16 whorem the rr^ole ratio of sa,d olefinic comonomer to ..id .th«. 
comonomers is in the range of from about 1:0,01 to 0.5:1. comonomer to said ether 
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: s^.^e:e^ co.onc.er . an .roup. is s.d poiya^er, ^^^^jf^™^^^^"' 
n ,s .n the range of f^om 5 to 20. and sa,d oiefin,c comonomer ,s acrylic acd or a sait thereof. 



21. The conccsitjon of claim 16, wherem ,p .hn ranqe of from about 

a) the mole ratio of said olefln.c comonomer to sai. «th.r .um.n.„.e.s .■ - J 

1 :0,3 to 07:1 . and ^ polyether. .s ethylene. is hydrogen. 

,n hi X of said ether comonomers IS an aiiyi group, n i^i^j r -h or a <:;,it thprpof 

n ,s in the range of fror. 5 to 20, and s^d olefimc comonomer ,s acryl.c acd or a salt thereof. 

> f 14 Wherein X of sajd ether comonomer is an allyl group. R' is sad polyether. 

15 hydrogen. 

23. no ccmposilinn o( cl=-m 14 wherein X is an all,lic or r^ethallylic group. 

« A ..*od 0. fl^difying a w.. =e™n, co.FK=si«on comprising m, step □< adding to a we. cedent 
=Ta^":*irc;^=;":?id co,.ono.or . an aster « s. *er«o,. . an o,e«n,c su«.r add 

comonomer or a saft thereof, copotymenzed with 
b) an ether comonomer of the formula 

25 X-OR' : 

alkylene oxide derivative of said polyalcohol group, or a polyether of the formula 

30 

wherein R^ is a l.near or branched, substituted or unsubstitutad to C alkyiene group. R3 is 
hydrogen, a C, to C. alkyi group, or a group conforming to the formula 

O 0 0 o 

.0-C-R^ -0-C-R^-C-OH, or -O-C-NH-R^ , 

wherein R< . R^ and may each be an atkyl, aryl. aralkyl. or aikaryl group, and n is an integer from 
1 to 50. 

25, The method of claim 24 comprising at least two different olefinic comonomers. copolymerized with s^d 
45 ether. 

26. The memod of claim 24 corr,prising a, leas, .wo dWeren. ether comonomers, copolyrrerized wi.h sard 

olefinic comonomer. 

„ 27, The me.hod o. clairr 24 where. tt,e mole raSo of said olefinic comonomer to said ether comonomer ,s 

in the range of from about 1:0.01 to 0,5:1. 
28. The method c. claim 24 wherein *e mole ratio o( said olefinic comonomers to said ether comonomer is 

in the range of from about 1:0.01 to 0.5:1, 
23. The method of claim 25 wherem the mole rate of sa.d olefinic comonomer to said ether comonomers is 
in the range of from about 1:0.01 to 0.5:1. 
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30- The method of claim 24. Wherein 

t'J X of sa,d ether comonomer is an allyl nrouo ■ 
31- The method of claim 25. therein 

3^ T^e ^^^^^^ ^ ^ ^^^^^^^ ^^^^^ 
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